Focusing on the art market, where auction houses act as brokers between art sellers and buyers, we investigate whether more experienced brokers achieve better performance as information providers. We use a unique data set of auctions of Italian paintings in various houses around the world, and we measure experience as the number of times an auctioneer has auctioned the artworks of a certain artist in a given location. We find that more experienced auction houses (i) are more likely to sell and (ii) provide more precise pre-sale estimates. These findings suggest that experience plays an important role for brokers to reduce illiquidity and opacity in markets with asymmetric information.
Introduction
For activities as varied as choosing an investment fund, purchasing a house, and buying or selling a piece of art, individuals usually rely on the advice and services of brokers. In exchange for a fee, these intermediaries mitigate information asymmetries and bring together transactors with complementary needs. According to theory, brokers develop special skills in interpreting subtle (that is, not readily observable) signals related to the deal, and therefore they are a cost-efficient solution to problems of asymmetric information. This is because they are able to avoid the duplication of information production and can spread the costs of information production over several clients and through time (Ramakrishnan and Thakor, 1984; Millon and Thakor, 1985; Bhattacharya and Thakor, 1993) .
In this paper we analyze whether more experienced brokers achieve a better performance as information providers. We focus on the art market, a brokered market with severe illiquidity and acute information asymmetry problems (Baumol, 1986) . In this market, auction houses act as "information brokers" à la Ramakrishnan and Thakor (1984) or "information gathering agencies" à la Millon and Thakor (1985) , i.e., they are intermediaries who acquire and process information on behalf of the transacting parties, and whose compensation depends on how well they perform their task. Through these activities, brokers facilitate matching in a market in which it is difficult for buyers and sellers to meet on their own (Biglaiser, 1993) .
We find that experienced art brokers perform better than less experienced intermediaries. Because brokers' output is often an intangible service whose reliability is not directly observable (Ramakrishnan and Thakor, 1984) , we measure art brokers' performance using two proxies. First, we measure art brokers' ability in bringing together supply and demand by considering an auction house's likelihood of a sale. Second, we assess the auction houses' performance in producing information on the basis of how well their predictions did relative to events observed after the predictions (Ramakrishnan and Thakor, 1984) . Specifically, we look at the distance between the estimated price of the artwork before the sale and the actual price fetched at the auction.
Our measure of art broker's experience depends on the number of times that the auction house has auctioned the paintings of a given artist in the past. Because experience is the result of the accumulation of past information and such information is reusable, an increase in experience should induce an increase in the available input for brokers. An increased experience should also expand brokers' expertise and skills and improve their production process as a whole (Biglaiser, 1993) . We therefore expect more experienced art brokers to perform better than less experienced ones. In fact, our findings show that (i) brokers are more likely to achieve a sale for a painting of an artist that they put up for auction frequently and (ii) they are more accurate at predicting the prices fetched at auctions through their pre-sale estimates.
To gauge the causal effect of experience on auction outcomes, we use a large sample of auctions of paintings by Italian artists held in numerous fine art auction houses around the world, and we follow an identification strategy similar to the one in Khwaja and Mian (2008) which has become popular in the literature of financial intermediation.
In our setting, the methodology consists of introducing different sets of interacted fixed effects at the artist, auction house, location, and/or year level, to control for time-varying unobserved differences in the composition in demand and supply for different artists in different houses. This approach allows us to compare closer counterfactuals. For example, it enables us to compare the sale rates for artists for whom a given auction house has a large experience, with sale rates for artists in the same house, town, and year, for whom the auction house has a lower experience.
In contexts with high information asymmetries, such as the venture capital (see Gompers et al., 2008) , the securities underwriting (Benveniste et al. 2002) , and the M&A advisory industry (Chang et al., 2015) , industry-specific experience tends to be more important than the general experience. Consistently, we define experience at the artist level because the art market is highly fragmented and there might be a great variety in the quality and value of art within the same collecting category and even within an artist's production. Collectors also tend to specialize in small groups of painters and their typical portfolios of paintings are characterized by a low degree of diversification.
Also, in brokered markets the relevant information is often qualitative, relationshipbased, and soft, 1 and can normally be obtained through proximity and personal interaction with market participants. 2 During IPO transactions, for example, underwriters enhance their accuracy in pricing the issue evaluation through their relationships with the investors invited to participate to the bookbuilding process. During this process, they gather information from investors who provide them with preliminary indications of the demand for the issue (Benveniste and Spindt, 1989; Spatt and Srivastava, 1991) .
Networking and proximity to the client are also relevant sources of privileged information for art brokers (Bonus and Ronte, 1997) and previous auctions provide auction houses with a unique opportunity to connect with art market participants and acquire private information about supply and demand factors that may affect a given artist's works. This type of information, although reusable, may be hard to transfer across locations -even within the same auction house. To address this issue and better capture the advantage of proximity and networking, we measure experience at the local level, i.e.
for a given showroom of an auction house. This means, for example, that an auction in the London showroom of a given auction house will only count towards experience for the showroom in London, but it will not count towards experience for that auction house's rooms in New York or elsewhere.
To the best of our knowledge, this is the first paper to document that experience plays a role in improving information brokers' performance. In that, it contributes to the literature on the role of brokers in reducing information asymmetries (e.g., Ramakrishnan and Thakor, 1984; Biglaiser, 1993) and, more generally, to the literature on information production by intermediaries and the role of differential information among intermediaries (see Hauswald and Marquez (2006) , among others).
Our findings also expand the literature on auctions by showing that auction outcomes can differ according to the characteristics of the auctioneers. In this respect, our results are most related to those of Lacetera et al. (2013) , who find that auctioneers' personal traits can affect auction outcomes. Differently to their study, we focus on the 1 Petersen (2004) contains a definition and discussion of the differences between hard and soft information. 2 The relevance of collecting client-specific information and the role of human intensive and qualitative information are well documented in the related literature. See Berger and Udell (1995) , Ongena and Smith (2001) , Petersen and Rajan (2002) , Stein (2002) , and Agarwal and Hauswald (2010) , among others.
auctioneer's experience rather than on other subjective personal traits. Finally, our paper provides new evidence to the specialized literature on economics of art and the value of brokers in affecting art auctions' results (e.g., Ashenfelter, 1989; Bauwens and Ginsburg, 2000; McAndrew et al., 2012) .
The paper is organized as follows. Section 2 describes the institutional background of art market auctions and clarifies the relevance of auction houses' experience. Section 3 discusses the data sources, summarizes the sample characteristics, and describes our identification strategy. Section 4 presents our main empirical analysis and some extensions. Finally, Section 5 concludes the paper.
Institutional background: Art brokers as information producers
Art sales are roughly equally split between two main types of intermediaries:
dealers and auction houses acting as brokers (McAndrew, 2010) . Given the objectives of this study, our focus is placed on the latter. The auction segment is highly concentrated, with Sotheby's and Christie's accounting for about one third of the total auction market share by value. There is an important second tier of auction houses with international relevance (e.g., Bonhams & Butterfields or Phillips) and a third tier of smaller auction houses of national scope that tend to specialize in domestic art. Larger auction houses generally conduct auctions on the full spectrum of collecting categories and are organized in different departments, with experts who are highly specialized in certain genres, market segments, or geographical markets (McAndrew, 2010) .
Auction houses charge both buyers and sellers for their services. The commission charged to the winning bidder, called the buyer's premium, is generally between 10 and 20 percent of the hammer price. Depending on the auction house, the seller's commission can be either a flat rate (typically 10%), or determined by a sliding scale which varies according to the volumes and values of sellers' transactions over a period. The seller's commissions are often negotiated and, in some cases (e.g., for big vendors), auction houses waive the seller's fee as a way to attract the best vendors or pieces of art in a highly competitive market. 3 In case the artwork goes unsold at the auction (i.e., it is "bought-in"), certain charges may still apply (for example, shipping and handling costs), and in such a case the seller's reserve price, i.e. the lowest price at which the seller is willing to sell the work, is used to determine these fees. The reserve price is often discussed and negotiated with the seller prior to the auction, and it is never disclosed to the public .
As qualified experts in the sector, auction houses produce informed estimates of future prices, which are published in auction catalogs prior to an auction. Pre-sale estimates were first introduced in the mid-1970s with the purpose of attracting individual investors and level the playing field between experienced wholesale participants and uninformed retail customers (Mei and Moses, 2005) . According to Sotheby's, an auction estimate is "a price that the auction house's specialists believe a piece might bring at auction." Since the price of an artwork is hard to predict, estimates are usually expressed as a range. Auction houses commonly observe an unwritten rule of setting the low estimate of this range at or below the secret reserve price . Setting accurate estimates requires great expertise in artistic factors and knowledge of market trends. Most of this knowledge is acquired through frequent contacts that art brokers hold with their clients.
There are several occasions for art brokers to build client relationships and acquire privileged information on, for example, bidders' preferences, holdings, and expenditure capacity, or sellers' expectations and financial needs. First, art auctions are commonly preceded by private events organized by auction houses, such as cocktail parties and auction previews. The main objectives of these events are to foster the relationship with art investors and collectors, create an exclusive network, and favor the exchange of informal communication that may help understand art sellers' and bidders' preferences.
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Mutatis mutandis, these gatherings are not dissimilar from the bookbuilding procedure, a mechanism that allows the investment banker to extract information from investors which 3 See, for example, the article "The (auction) house doesn't always win," The New York Times, January 15, 2014. 4 Velthuis (2011a) acknowledges the social reason among the different motives for buying a work of art: Buying art is sometimes a sort of ticket to a social circle, such as a group of collectors who buy at the same art gallery and meet at art world events. Familiarity with these circles is crucial to estimating the demand of the artworks of certain artists or collecting categories.
will be helpful in pricing the issue accurately (Benveniste and Spindt, 1989; Spatt and Srivastava, 1991) .
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Privileged information is also generated during the auction, regardless of whether the painting ends up being sold or bought in. Auction houses know the identity and bids of all interested buyers, including those placing bids through the phone or electronicallyinformation that is not available to other auction participants. More generally, the bidding process is informative per se, since bidders' behaviors in the auction room (e.g., how they react to various lots) can convey to the auctioneer valuable information about art buyers' preferences. For the above reasons, we expect that a greater conversancy with sellers and bidders results in an information advantage for the art brokers that develops over time.
In this study we use the auction house's previous experience auctioning items of a given artist as an indirect measure of the value of the privileged information acquired through frequent contact with market participants. 6 With this measure we intend to capture the degree of closeness of the relationship of the intermediaries with the market participants, in the spirit of Uzzi and Gillespie (2002) . As occurs in an IPO, the relationships that matter in our setting are those with participants in both the sides of the market: issuers and investors in the IPOs, sellers and buyers in the art market. It is important to highlight that, in our view, the information advantage held by experienced auction houses goes beyond the knowledge of past prices or auction outcomes, since this sort of information can be obtained, at least in principle, by any market participant.
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Rather, we are interested in the type of experience that refers to the ability to interpret the subtle signals provided by market participants prior to and during the auctions, in the spirit of Bhattacharya and Thakor (1993) .
Our main hypothesis is that through frequent past auctions, experienced auction houses have accumulated more information about the market dynamics of a given artist than less experienced brokers. Therefore, they should be better able to favor demand to meet supply and to set more precise pre-auction price estimates.
5 An initial issue is usually preceded by a phase of informal communication between the investment banker and the prospective underwriters prior to the allocational stage of the offering. 6 We measure experience as the number of times that the auction house put up works of the artist for auction. In the data description section we provide a more precise definition of this variable. 7 Online databases of auction records, artists' catalogs, and art historical publications have improved information availability in the market.
Experienced auctioneers could exploit their superior information in several ways in order to achieve more precision of the estimates and higher likelihood of sale. First of all, they could highlight the features of the artworks that are most appealing to buyers, thus widening the base of potentially interested buyers. They could also advise overoptimistic sellers to lower their reservation price for artworks where demand is relatively low.
Experienced auctioneers could also exploit their more extended relationship network to help reduce search frictions and match the artworks in offer to the most suitable buyers. Finally, experienced auction houses could also realize actions during the auction itself to increase the likelihood of a sale, such as setting the starting bid price, changing the pace of price adjustment, or by placing fictitious "off the wall" bids. See Ashenfelter (1989) , Vincent (1995) , or especially Lacetera et al. (2013) for more examples on how auctioneers could affect auction outcomes. corresponding to 58.6 percent of all paintings put up for auction in our sample. Table 1 reports more details on the distribution of these observations according to artwork category, auction house, location, and year of the auction.
Data, variables, and identification strategy

Data sources and sample characteristics
Insert Table 1 approximately here
Experience
We define our key explanatory variable (experience) in relative terms, as the number of paintings of the artist that have been auctioned in the auction house and town during the T years preceding the current auction, divided by the total number of times that the artist has been auctioned in any auction house during the same period. In tests of robustness, we also measure the auction house experience in absolute terms using the variable absolute experience, defined as the number of paintings of the artist that have been auctioned in the auction house and town during the previous T years. We can define several experience measures allowing the time horizon T to vary from one to 10. In our main analyses, we set the time horizon to T=5. In Section 4.3 we show that results are qualitatively similar for the 10 different measures of experience obtained by allowing the time horizon T to vary from one to 10 years. Notice that we require T years of observations prior to each auction to calculate the experience variables. Thus, the first T years of information in our sample are only used to construct our experience variables, but cannot be included in our main analysis since we do not have enough information to construct the experience variables for these observations. To make our estimation sample comparable across the 10 different measures of experience resulting from changing the time horizon, and at a cost of a smaller sample, for all estimations involving different time horizons T=1, 2, …, 10, we discard the period 1990 to 1999 using it only as a reference period to calculate the experience variables, and we perform our main analyses using only the observations from 2000 to 2008.
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Our experience dimension is evaluated at the auction house and town level. This means that we implicitly assume that the experience for a given artist at, say, Christie's in London can differ from that in Milan, New York, or any other Christie's saleroom in our database. This assumption is motivated by the fact that the art market exhibits strong local features (Velthuis, 2013) . For example, the average Western art dealer has a local clientele and predominantly represents artists of the same nationality. This observation is confirmed for our sample in Table 1 , as more than half of the sales occur in Italy.
Therefore, the auctioneer's experience we refer to reflects not only a possibly superior knowledge of the author's artistic production (which could be easily transferred from one saleroom to another) but also some acquaintance and proximity with the potential buyers and sellers, which is much more specific to a given location. We believe that ties across market participants, and therefore the flows of information between them, are stronger at a local level, especially in markets such as the one in our sample, where most pieces of art are traded domestically. artists' works (Attilio Pratella and Vincenzo Irolli) having no previous experience dealing with these artists in the 5 years previous to the auctions.
Finally, we can observe that there are many auction house-town combinations that did not auction paintings by some of these artists during the sample period. For example, out of these nine artists, Bruun Rasmussen Copenhagen only auctioned paintings by
Tiziano. In contrast, Christie's London and Sotheby's Milan auctioned paintings by each of these nine artists. As can be seen from these simple examples, our sample contains significant cross-sectional variation both across different auction houses for a given artist, and across artists within each auction house. As shall be seen in Section 3.4, we will exploit these different sources of variation for our identification strategy.
Insert Table 2 approximately here
Dependent variables
Because brokers offer an intangible service whose reliability is not directly observable (Ramakrishnan and Thakor, 1984) , we assess whether more experienced auction houses achieve better performance using two different dependent variables as proxies: (i) a binary variable taking the value of one if the painting was sold at the observed auction and zero otherwise (sold), and (ii) the absolute value of the difference between the midpoint of the estimation range and the hammer price, divided by the hammer price (distance).
The former, sold, measures the broker's ability to facilitate a matching in a market in which it is difficult for buyers and sellers to meet on their own (Biglaiser, 1993) , and it is equivalent to the "conversion rate" used in Lacetera et al. (2013) . This variable determines whether the auction house achieved its ultimate goal of selling the items at auction.
The second variable, distance, is a measure of the precision of the estimates in the intensive margin; that is, it is defined only for the subsample of paintings that were sold.
This variable gives us a continuous measure of how far the price estimate is from the actual fetched price. Indeed, the main piece of information the auction house provides prior to an auction is the estimated price of the item. The theoretical literature suggests that the auction house's best strategy is to provide truthful information about the item being sold (Milgrom and Weber, 1982) . Supporting the theoretical literature, Ashenfelter (1989) suggests that auction houses make an effort to estimate the price an item will fetch.
Identification strategy
Our main goal in this paper is to assess whether there is a causal effect of experience on auction outcomes. For this purposes, we start with the following reference regression model:
where yijt refers to the two dependent variables measuring the outcomes of the auction run by the auction house j of painting i at time t (sold and distance); Xijt is a vector containing observable control variables which affect auction outcomes and could be correlated with experience, such as the auction house's market share or the novelty of the artwork auctioned; 10 γc, δh, λl, and ηt are fixed effects for the artist's category, the auction house, the auction location, and the year of the auction, respectively; and uijt is the error term.
The above model specification (specification I) poses a basic identification problem, as there could be several omitted factors which are unobservable to the econometrician but available to auction houses, bidders, and/or sellers, that could drive the observed relation between our experience variable and the different outcomes. For example, it is possible that investors interested in purchasing paintings of certain artists are geographically concentrated or prefer certain locations for the purchase. In this case, auction houses operating in these areas will have more frequent auctions for these artists, and will exhibit higher likelihoods of sale, for reasons other than experience. Similarly, sellers of paintings of certain artists could participate in houses which are frequented by more "credulous" investors, as defined by Mei and Moses (2005) . Hence, these investors would bid closer to the estimated prices, thus increasing the probability of a sale, and the coefficient for experience would capture these relations.
To mitigate these endogeneity concerns, we follow an identification strategy similar to Khwaja and Mian (2008) . The methodology in our setting consists of saturating the above regression model with several sets of interacted fixed effects to control for differences in the composition in demand or supply for different artists in different houses.
To begin with, we add one fixed effect for each combination of auction house, auction town, and year. This specification (specification II) controls for a potential selection of certain types of buyers into certain auction locations (i.e., auction house and town combinations), and compares auctions of paintings by artists for which the same auction house in a given town has different degrees of experience. Going back to our example in Table 2 , in this specification we compare auction outcomes held within Finarte-Semenzato in Rome in a given year, for artists such as Mario Sironi or Lucio Fontana, for which this house has relatively little experience, with outcomes of an artist such as Tano Festa, who has been featured in several auctions at Finarte Semenzato in
Rome. Further, the interaction with the auction year controls for trends in the art market and ensures that the comparison is done for auctions held in the same venue during the same year. In this way we exploit the heterogeneity of experience within each venue and year for different artists. The artwork category fixed effects further control for the differences in collectors' tastes.
Specification II controls for differences in the composition of investors (demand) and sellers (supply) across different auction houses, towns, and years, as well as for differences across the artwork categories. However, it does not account for differences across artists. Therefore, in a further specification (specification III) we substitute the auction house-town-year fixed effects with artist fixed effects. These fixed effects allow us to compare outcomes of auctions of the same artist that were held in auction houses with different degrees of experience. We believe that this specification is the most relevant for our research question, since it exploits the cross-sectional heterogeneity in experience for the same artist between different auction houses as shown in experienced house for Tiziano's paintings). In these specifications, the inclusion of separate auction house and auction town fixed effects controls for omitted factors that are fixed within auction houses or towns during our sample period. We also include auction year fixed effects to control for good or bad years in the art market.
While the previous specification allows for general trends in the art market, it has the disadvantage that it does not take into account trends for a given artist. It is well known that artists go in and out of fashion throughout time and that a "stylistic risk" may occur, as it happens, for example, with artworks and artists that become worthless after their first auction sales (Goetzmann, 1993) . Thus, the previous specification risks comparing artists during their peak periods, where auction houses are more likely to sell and the investors' estimates are more likely to be correlated, with years in which artists have little attention from the market, buy-in rates are higher, and prices are more difficult to estimate. To take into account these trends, we further interact each artist fixed effect with the year of the auction, so that comparisons are done across the auction houses that have auctioned the same artist during the same year. This model (specification IV)
effectively imposes a restriction in the data structure, as it requires that there are at least two auctions of paintings of the same artist occurring in the same year. Moreover, the separate inclusion of auction house and auction town fixed effects control for omitted factors that are fixed within auction houses or towns during our sample period.
At a cost of an even more restrictive model, we enhance the estimations with artist times years fixed effects by interacting the artist not only with the year fixed effect, but also with the town in which the auctions take place. This specification (specification V) controls for the fact that investors in different towns could have different tastes (even within a same year) and hence, auction houses in different towns for a given artist could have very different measures of experience. For example, as we can see in Table 2 we require at least two sales of paintings of the same artist in the same town and year, an even tighter constraint. As before, the specification separately includes auction house fixed effects to control for differences across different auction houses that are fixed during our observation period.
Finally, we estimate a model that includes interacted fixed effects for artist, auction house, and auction town, and separately includes year fixed effects to control for general trends in the art market. This specification (specification VI) exploits the variation in experience over time within a given auction venue for the same artist. The advantage of this specification is that, by keeping the house, town, and artist fixed, we control for differences in artists that sell in a given auction house, as well as for differences in auction houses selling a given artist. However, the model also imposes some restrictions in the data structure, since it requires at least two auctions of the same artist in the same auction house and town in our sample.
Control variables
In all the above specifications (I to VI), we also control for other factors that may influence auction outcomes and which could be correlated with the auction house's experience. The first such control, artist visibility, measures the artist's presence in auctions and is defined as the number of times that the artist's works have been auctioned in any auction house during the time horizon T. This variable takes into account that there may be more overall information available about an artist that frequently appears in auctions, and it accounts for potential trends for a given artist. We also add a quadratic term of this variable to capture a potentially non-linear relation between the artist's presence at auction and the auction outcomes.
Additionally, we control for the estimation range (multiple), which is defined as the ratio of the maximum value of the pre-sale price range estimate to the minimum value of the pre-sale estimate range. Intuitively, a wider range (hence, a higher multiple) should signal a higher degree of uncertainty around the true value of the painting.
One could be concerned that our measure of experience captures the market power or the reputation of larger auction houses, which are able to put up for auction a wider portfolio of artists and a larger number of paintings and are hence generally more experienced. If bidders are more "credulous" (Mei and Moses, 2005) , that is, more likely to believe the estimates of top-tier auction houses relative to smaller firms, the observed results could simply be a consequence of the higher market shares of certain houses. To deal with this issue, we control for the market share at the auction house, location, and year level (market share) by calculating the ratio of total sales in each house, town, and year and dividing it by the total sales over all auction houses during the same year.
We also control for the fact that it might be easier to evaluate and exchange artworks that have recently appeared in auctions, compared to items that appear for the first time in a long period. When an artwork has been recently auctioned, there is recent public information about its demand and supply that could make it easier to find consensus among its value in a second auction. In fact, Beggs and Graddy (2009) find that a recent price can be used as an anchor for the value of bids in the following auction.
On the other hand, there could be more uncertainty in the value of a piece of art that is auctioned for the first time in a long time. To control for this, we introduce a dummy variable (first auction) that takes the value of one when the observation corresponds to the first auction of a given artwork in our sample (i.e., the artwork has not been auctioned since 1990) and zero otherwise.
Finally, as shown by Equation (1), we also control for unobserved variables that are constant within houses, locations, and collection categories throughout the observation period and which could be correlated with our variable of interest (e.g., the composition of demand). For this purpose, we include a separate set of fixed effects for each of the auction houses, locations, and artwork categories, as well as year fixed effects to capture secular trends in the demand and supply of artworks through the business cycle. Of course, the estimation of some of these coefficients will not be possible in specifications II-VI, as their effects will be subsumed with the interacted fixed effects.
Empirical analysis
Summary statistics
Before we report the results of the main regression models, in Table 3 we present some key summary statistics of the relative and absolute experience variables, the dependent variables, and the control variables. Unless we explicitly state otherwise, in all analyses that follow we use a time horizon of T=5 to calculate the experience variables and the artist visibility.
The first three columns of Table 3 show the mean, the median, and the standard deviation for all the paintings in our sample. From absolute experience, we can observe that a given auction house hosts, on average, six to seven auctions with the paintings of a given artist each 5 years, out of an average of around 45 auctions per artist across all the different auction houses and locations (as measured by the variable artist visibility). The average value of experience is around 17 percent. This means that roughly one out of six auctions of the same artist are held in the same auction house and location. Given the large number of auction houses and artists in our sample, this number indicates a significant degree of specialization of auction houses in certain artists.
In columns 4 to 7 we split the sample into paintings auctioned by auction houses that exhibited a low experience (i.e., a value of variable experience below the median) and those resulted more experienced (i.e., with a value of experience above or equal to the median) and compare, in columns 8 and 9, the average auction house outcomes and characteristics of the two subsamples. In line with our hypothesis, we find that the more experienced auction houses have a 5 percent higher sale rate compared to low experience ones, and they predict more accurately the hammer prices.
We also find that there is little variability in the relative size of the estimation range (multiple). The mean and median coincide at 1.3 and the standard deviation is 0.2. These findings imply that the high estimate is 30 percent higher than the low estimate, on average, and contrast with the view that auction houses mechanically inflate the estimation ranges to increase the probability of hammered prices falling within the range.
Insert Table 3 approximately here
Our univariate results in Table 3 are consistent with the hypothesis that more experienced auction houses are more likely to sell and better able to predict prices than less experienced ones. In the next sections we present more formal analyses and robustness checks to explore whether this relationship survives after controlling for omitted variables and other endogeneity concerns. We present the linear probability model coefficients obtained through OLS estimations of Equation (1) on the binary variable sold because these estimations do not rely on any distributional assumption for the error term and provide a simple interpretation of marginal effects (Angrist and Pischke, 2008) . However, the average marginal effects estimated with a non-linear probit model, not reported here, yield qualitatively identical results to those reported.
Baseline empirical results
each panel, columns 1 to 6 report the coefficients estimated using specifications I to VI, respectively, as described in Section 3.4.
Results in Panel A of Table 4 show that experience has a positive effect on the probability of a painting being sold. The positive coefficients are statistically significant in columns 1 to 5. Economically, the coefficients in columns 1 to 3 (the lowest coefficients that are statistically significant) are roughly equivalent and imply that a one standard deviation increase in experience in dealing with an artist increases the probability of selling that artist's works by around one percentage point. The coefficients in columns 4 and 5 suggest that a one standard deviation in experience increases the probability of selling that artist's works by 2.1 to 2.7 percentage points. These magnitudes are comparable to the economic significance of multiple, which is the coefficient that has, on average, the largest economic significance throughout the specifications. In fact, the coefficient for multiple implies that increasing the ratio of the high estimate to the low estimate by one standard deviation (that is, widening the estimation range) increases the probability of sale on average by 1.9 to 2.4 percentage points.
Our results also show that the coefficient for variable experience in column 6 of Panel A is neither economically nor statistically significant. Recall that in this specification, we have added the interaction of auction house, town, and artist fixed effects. Therefore, this specification exploits the time variation of auctions carried out in the same salesroom for the same artist, and analyzes whether changes in the level of experience yield a higher sales probability. Ideally, this specification should control for a potentially endogenous matching of certain artists to particular salesrooms in a given town. In practice, the changes in variable experience within a given artist, town, and house combination are very small, and they are not likely to capture a true accumulation of experience for a given house. For example, changes in experience could capture crosssectional changes in the proportion of the artist's works auctioned in this house and town. This is because by construction, this variable compares the number of auctions for a given artist in a given house-town combination to the number of auctions of that same artist across all houses, and this comparison is essentially cross-sectional. Moreover, the value of experience could decrease (increase) discretely in time for a given auction house and artist whenever past auctions exit (enter) the numerator because they occurred earlier than (within) the five-year time horizon considered.
To see why the within-artist, house, and town variation does not necessarily measure increases or decreases of experience for a given artist in a given house-town combination, More importantly, the larger changes in experience within a given house for a given artist could be associated either to cross-sectional changes in the composition of the paintings auctioned through the different auction houses, or to discrete changes in the auction houses can be accounted for by using an absolute measure of experience (see the next section), the variation in experience due to the time horizon considered cannot. For these reasons, we decide to drop specification VI in the robustness analyses that we will present in Tables 5, 6 , and 7.
In Panel B of Table 4 we estimate the effect of experience on the accuracy of the pre-auction price estimates for the sample of sold paintings. We measure prediction accuracy with variable distance, i.e., the absolute value of the difference between the midpoint of the estimation range and the hammer price, divided by the hammer price.
Consistent with our main hypothesis, the coefficient for variable experience is negative in all specifications except the last, and it is statistically significant in the specifications of columns 1 to 4. In terms of economic significance, the coefficients for experience in columns 1 to 4 of Panel B are similar and imply that a one standard deviation increase in experience leads to a reduction in the distance from the actual hammer price to the midpoint of the estimation range of around 1.8 percentage points, equivalent to a seven percent reduction relative to the average distance.
In Panel B, coefficients for experience are not significant in columns 5 and 6. The coefficient in column 6 is possibly not statistically significant because of the low variation of experience within the different groups formed by the combinations of auction houses, towns, and artists, as discussed above. On the other hand, the loss of significance for this coefficient in column 5 could be due to the smaller sample size; in fact, by forcing comparisons to be done for the same artist, town, and year, we lose almost 40 percent of the observations relative to those in column 1. An alternative interpretation for the lack of significance in column 5, in the light of the results of column 5 in Panel A, is that, conditional on a sale, auction houses do not use their experience to differentiate themselves from their direct competitors by providing more accurate price predictions.
Still, auction houses use their experience to maximize the probability of a sale, as shown by the large coefficient for experience in column 5 of Panel A. 12 This finding is consistent with anecdotal evidence, obtained through conversations with different auctioneers, that auction houses direct their main efforts to obtain a sale, leaving the accuracy of the predictions as a second-order concern. This interpretation makes sense, 12 Notice that estimations in Panel B are performed on the sample of sold paintings. Given that experienced houses are more likely to sell a painting (Panel A), this suggests that the accuracy of experienced houses must be larger than the one of non-experienced houses in the complete sample of sold and unsold paintings. In fact, in untabulated results we broaden the definition of prediction accuracy to the complete sample by defining a dummy taking a one whenever the painting was sold or when the hammered price lied within the estimation range, and zero otherwise. Results show that experience has a positive and statistically significant impact on prediction accuracy defined in this way.
because the auctioneers are rewarded directly through the buyer's premium when achieving a sale, but they do not receive a direct compensation for better pre-sale estimations.
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Before we turn to extensions for our baseline analysis, we briefly discuss the signs and significance of the control variables. First of all, we find that the effect on the sale probability of an artist's presence in previous auctions (measured by variable artist visibility) is concave in the specifications without artist fixed effects, and negative when artist fixed effects are included. Overall, these results suggest that rarity is still valuable, since artists that appear too frequently in auctions seem to be neglected by art buyers.
Alternatively, this negative effect of the artist's visibility could be explained through an "anchoring" effect if sellers set higher reserve prices when there is a record of previous prices of paintings by the same author, and reserve prices are based on the highest sale prices recorded at auction or on marked-up price averages.
From the coefficient of first auction, we find that, in the cross-section of artists (models 1 and 2), paintings that have been put up for auction for the first time in a long period seem to be more appreciated by art buyers. In fact, the probability of sale for items auctioned for the first time since 1990 is larger than the probability of sale for works auctioned more recently. This finding is in line with the result of artist visibility and suggests a "freshness effect" that increases buyers' interest in paintings that are relatively new to the market. 13 Again, this result might alternatively be explained by an anchoring argument: if the painting was traded (or auctioned) in the past, a reference price (or, in the case of a bought in, some valuable information) would be available to the seller, who might be induced to change her reserve price to reflect the information obtained at the first auction. 14 Notice that with artist fixed effects, the coefficient becomes negative, 13 There is anecdotal evidence that buyers may prefer works of art that have not been for sale for many years to those that have been on the market recently. See, for example, the interview with Christie's deputy chairperson in "How to buy art at auction, by Christie's Orlando Rock," The Telegraph, October 24, 2012. 14 This argument would be even stronger if the seller is the buyer of the painting in the previous auction, as her return would be positive only if the hammer price is adequately higher (to compensate also the brokerage fee) than the purchase hammer price.
suggesting that it is harder to sell a given painting of a given artist the first time it goes in auction.
In contrast, the sign of the coefficients for artist visibility and first auction in Panel B are negative and positive, respectively, suggesting that auction houses can provide more accurate estimations for the value of paintings of more visible artists, or of previously auctioned artworks. This is consistent with the idea that the availability of information about past auctions generates additional public information that can be used to improve auction houses' estimations (Abowd and Ashenfelter, 1988; Bauwens and Ginsburgh, 2000; Sproule and Valsan, 2006) .
Our results also document that the market share positively affects the probability of a sale, but it decreases the precision of the pre-auction estimates. The market share is expected to be correlated with a larger probability of a sale, as it is defined in terms of total sales. On the other hand, the fact that market share is negatively related with the precision of the estimates could be explained if investors are more credulous about the estimates given by the large auction houses (Mei and Moses, 2005) .
Finally, we find that wider estimates ranges (i.e., higher values of variable multiple)
are associated with higher probabilities of sale. This result is surprising if we interpret the width of the range as a measure of the uncertainty about the value of the piece of art (Ashenfelter and Graddy, 2006; McAndrew et al., 2012) . However, the meaning of the range of the estimation width is controversial in the literature on art auctions, and our findings are in line with Ekelund et al. (1998) and , who propose a different interpretation for this variable. They point out that, rather than measuring the uncertainty of the value of the artwork, the size of the range indicates the level of the reserve price relative to the auction house's prediction. In their view, a narrow range indicates that the seller sets a relatively high reserve price, thus pushing the low estimate upward towards the high estimate. If this is the case, a small range reduces the probability of sale of a given piece of art, because the reserve price is too high. 15 Consistently with this view, Ekelund et al. (1998) show that the range is negatively and significantly related to the likelihood of no sale and find that wider estimate ranges are associated with a higher probability of sale.
On the other hand, we find that the distance from the midpoint of the estimation range to the actual hammer price is larger when auction houses set wider estimation ranges. This is consistent with larger estimation intervals revealing greater uncertainty about an artwork's value. An alternative explanation, which associates wider estimation ranges with lower reserve prices, is also consistent with the result: A reduced reserve price could trigger a sale at lower prices and, consequently, further away from the midpoint of the estimation range.
Extensions
The results in Table 4 could raise the concern that variable experience is capturing other phenomena which are unrelated to the accumulation of information. In this section, we extend our analysis to present additional evidence that our results are driven by experience and not by other confounding stories.
The first concern is that our results in Table 4 are driven by changes in the composition of the market share or the market power auction houses for a given artist. As explained above, variable experience could change over time due to changes in the denominator, i.e., due to the presence of this artist's paintings in other houses. To mitigate this concern, we substitute our relative measure of experience with absolute experience, defined as the number of paintings of the artist that have been auctioned in the auction house and town during the previous 5 years. Results using this measure are contained in Table 5 . As discussed above, we only present the estimations for the first five model specifications described in Section 3.4. Findings in this case are very similar to those in Table 4 in terms of both economic and statistical significance. Confirming our previous evidence, we still find a significant effect of experience, especially on the probability of a sale.
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Another concern in the previous estimations is that the results are driven by Sotheby's and Christie's, the two major players in the art market. This concern is plausible if investors are credulous, i.e., they are led to believe that the paintings auctioned by major houses are more valuable, or that estimates by these houses are more accurate predictors of their true value (Mei and Moses, 2005) . The inclusion of auction house and town fixed effects accounts for this potential endogeneity issue, especially in the estimation in column 2 of Table 4 , where estimations are done within a given auction house and town. However, the concern remains to the extent that most of the observations in the sample occur in either of these two houses. In our sample, almost half of the observations (49 percent) correspond to auctions taking place in either Christie's or Sotheby's. Therefore, to mitigate the concern that the results are driven by these top players, we re-run the estimations in Table 4 excluding Christie's and Sotheby's. The results, contained in Table 6 , are very similar to our baseline results. Throughout the different specifications, we find that experience significantly increases the likelihood of a sale and decreases the distance to the midpoint of the estimation range. Furthermore, these results are still statistically significant in spite of the sample size reduction (and the resulting reduction in the variance of the experience variable), except in the specification in columns 9 and 10, which correspond to the most restrictive models with lower power (i.e., specification V).
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Next, we would like to present some further evidence that is consistent with our findings being driven by the accumulation of information, as measured by experience.
For this purpose, we estimate the different variants of Equation (1) on a market where information asymmetry is likely to be particularly severe, i.e. where there is not much prior public information, and hence a deeper understanding of the tastes and trends for different artists is required. As argued by Velthuis (2011b) , the Contemporary market is the most volatile and uncertain segment of the art market. This fact can be confirmed by observing that modern and contemporary art is the collecting category that has registered the highest growth rate and which has reached the largest record prices in recent years (some well beyond the estimation range). 16 Italian contemporary art has also followed a similar pattern as the Italian art sales held in London at major auction houses have recently fetched record breaking prices. 17 The estimation process of contemporary artworks is therefore more complex: These pieces of art are more likely to fall in and out of fashion and hence tend to show higher price volatility over time than artworks with a longer history (Pownall, 2013) .
Precisely because of the higher uncertainty associated with contemporary art, we expect that experience matters more in explaining differences between auction house outcomes (the sale rates and the truthfulness of estimates) when contemporary art paintings are put up at auctions. Moreover, experienced brokers should have higher incentives to present truthful pre-sales estimates (rather than, say, inflate the prices to obtain higher commissions). This is because their reputation is at stake, and they are interested in maintaining their client relationships and expand their network, which is the foundation of their experience.
18 Table 7 reports the results of estimating the different variants of Equation (1) on the subsample of contemporary art. Overall, the results confirm our previous findings on the impact of auction houses' experience on auction outcomes. In this case results are statistically significant in all of the tested specifications -in spite of the reduction in the sample size -, and the economic significance of the coefficients for the probability of a sale is larger than the baseline specification. These results are consistent with our hypothesis that accumulation of information matters in a framework with severe information asymmetry.
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Our final robustness test explores whether our choice of length of the period over which we calculate the experience variables matters for our results. For this purpose, we replicate our baseline estimations measuring our experience variables over different time horizons T, from 1 to 10 years. Figures 1.A and 1 .B contain a graphic representation of the estimated coefficients and their 95% confidence intervals for the regressions explaining the likelihood of a sale and the absolute distance to the midpoint of the estimation range, respectively. The horizontal axis contains the number of years over which we construct the experience variable, i.e., the time horizon, and the vertical axis contains the magnitude of the coefficient. For the sake of brevity, the figures report the estimated coefficients for relative experience with the specification containing artist fixed effects (i.e., those corresponding to specification III of our identification strategy). The results show that the point estimates of the regressions of experience on the likelihood of a sale are positive for all the time horizons and statistically significant at a 95% level for horizons greater than 3 years. Similarly, the coefficients of experience on the distance to the midpoint of the estimation range are negative for all time horizons, and also statistically significant for T greater than 3 years. Unreported results using other sets of fixed effects exhibit the same qualitative characteristics as the ones reported. These results confirm that the findings are not driven by the choice of the time horizon over which experience is measured.
An interesting feature of Figures 1.A and 1 .B is that the point estimates for the likelihood of sale are increasing and the point estimates for the absolute distance are decreasing on the time horizon. This result, which also appears in other unreported analyses using absolute experience and/or different sets of fixed effects, suggests that experience is somehow accumulated over time. That is, an auction that occurred, say, five to eight years ago still contains information that the auction house can use to enhance the probability of sale or the price estimates. However, these increases or decreases of the effect of experience on auction outcomes over different time horizons seem to occur at a decreasing rate, especially when the dependent variable is the likelihood of a sale. In other words, an auction occurring in the recent past (say, within the previous one to three years) seems to provide more information than an auction occurring in the more remote past (say, eight to ten years ago). Nevertheless, we would like to stress that these results are only suggestive, as we cannot statistically distinguish the coefficients across different time horizons.
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Conclusions
In the art market setting, this article investigates whether and the extent to which more informed brokers affect market outcomes. Using a unique data set of auctions of
Italian paintings, we capture the availability of privileged private information about sellers' and bidders' behavior at auction with an experience variable that accounts for the number of times an art broker (i.e. the auction house) has auctioned the artworks of a certain artist in a given location.
Such variable accounts for the auction house's proximity with the sellers and the potential buyers of a specific type of assets and proxies for auction house's ability to extract private information from both the market participants. We observe auction outcomes in terms of probability of success (sale) at auction and precision of pre-sale estimates.
We find evidence that auctions performed by experienced brokers are more likely to lead to a sale, thus increasing the asset liquidity. We also find some evidence that presale estimates provided by experienced auction houses are more precise than those provided by less informed competitors. This finding suggests that auction houses improve the quality of information available to market participants. However, results for the precision of the estimates are not statistically significant in specifications that control for demand-side effects for a given artist, suggesting that providing precise estimates is a second-order concern for art market brokers, who rather focus on maximizing the probability of a sale. Our results do not seem to be driven by investors' credulousness, and are larger (in economic terms) for markets where information asymmetry is a greater concern, suggesting that the effects we find in the data are due to accumulation of information by experienced brokers.
Our findings show that the broker's experience is beneficial to both the demandand (especially) supply-side market participants. The former benefit from experienced auctioneers in terms of obtaining more precise and reliable estimates; the latter benefit in terms of a higher probability of sale. Experience is the ratio of the number of times the auctioneer in a given town has auctioned works by the artist in the previous five years, to the number of times that works of the same artist have been auctioned in any auction house during the past 5 years; Absolute experience is the number of times the auctioneer in a given town has auctioned works by the same artist in the previous five years; Sold is a dummy variable that equals one if the artwork is hammered, and zero if the artwork is unsold; Distance is the absolute value of the difference between the hammer price and the midpoint of the estimation range, divided by the hammer price; Artist visibility is the number of times works of the same artist have been auctioned in the previous five years, divided by 100; First auction is a dummy variable that equals one if the artwork has not been auctioned since 1990, zero otherwise; Market share is the ratio of the total sales in each house and town in a given year, divided by total sales for that year; Multiple is defined as the ratio between the maximum and the minimum values of the pre-sale price range. In columns 1-3 statistics are calculated for the whole sample. In columns 4 and 5 mean and standard deviation values are computed over the subsamples of paintings for which Experience is below the median. In columns 6 and 7 mean and standard deviation values are computed over the subsamples of paintings for which Experience is equal or above the median. Columns 8 and 9 report the tstatistic and the p -value for a t -test of equality of variable means across the subsamples.
Low experience (N=24790) High experience (N=24783) Difference A) and (ii ) Distance , i.e., the absolute value of the difference between the hammer price and the midpoint of the estimation range, divided by the hammer price (Panel B). The explanatory variables are defined as follows: Experience is the ratio of the number of times the auctioneer in a given town has auctioned works by the artist in the previous five years, to the number of times that works of the same artist have been auctioned in any auction house during the past five years; Artist visibility is the number of times works of the same artist have been auctioned in the previous five years, divided by 100; First auction is a dummy variable that equals one if the artwork has not been auctioned since 1990, zero otherwise; Market share is the ratio of the total sales in each house and town in a given year, divided by total sales for that year; Multiple is the ratio between the maximum and the minimum values of the pre-sale price range. All estimations include an intercept (coefficient not reported). Coefficients are estimated over a sample of Italian paintings put in auction in years 2000-2008. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. These figures show the OLS point estimates (solid lines) and 95% confidence intervals (dotted lines) of the coefficients for Experience (T) on Sold (Figure 1 .A) and on Distance (Figure 1.B) . Experience (T) is defined as the ratio of the number of times the auctioneer in a given town has auctioned works by the artist in the previous T years, to the number of times that works of the same artist have been auctioned in any auction house during the past T years, for values of T = 1, 2 ,..., 10 on the horizontal axis. Sold is a dummy variable that equals one if the artwork is hammered, and zero if the artwork is unsold. Distance is the absolute value of the difference between the hammer price and the midpoint of the estimation range, divided by the hammer price. All regressions include artist fixed effects, auction house fixed effects, town fixed effects, year fixed effects, a constant term, and the following control variables: Artist visibility (T), i.e., the number of times works of the same artist have been auctioned in the previous T years, divided by 100; Artist visibility (T), squared; First auction, Market share, and Multiple. See Table 4 for definitions of the latter control variables. 
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